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Abstract
Objectives—To investigate the hemostatic status of critically ill, nonbleeding trauma patients.
We hypothesized that a hypercoagulable state exists in patients early after severe injury and that
the pattern of clotting and fibrinolysis are similar between burned and nonburn trauma patients.

Materials and Methods—Patients admitted to the surgical or burn intensive care unit within 24
hours after injury were enrolled. Blood samples were drawn on days 0 through 7. Laboratory tests
included prothrombin time (PT), activated partial thromboplastin time (aPTT), levels of activated
factor XI (FXIa), D-dimer, protein C percent activity, and antithrombin III (AT III) percent
activity, and thromboelastography (TEG).

Results—Study subjects were enrolled from April 1, 2004, through May 31, 2005, and included
nonburn trauma patients (n=33), burned patients (n=25), and healthy (control) subjects (n=20).
Despite aggressive thromboprophylaxis, 3 subjects (2 burned and 1 nonburn trauma patients [6%])
had pulmonary embolism during hospitalization. Compared with controls, all patients had
prolonged PT and aPTT (P<.05). The rate of clot formation (α angle) and maximal clot strength
were higher for patients compared with controls (P<.05), indicating a hypercoagulable state.
Injured patients also had lower protein C and AT III percent activities and higher fibrinogen levels
(P<.05 for all). FXIa was elevated in 38% of patients (control subjects had undetectable levels).

Discussion—TEG analysis of whole blood showed patients were in a hypercoagulable state; this
was not detected by plasma PT or aPTT. The high incidence of pulmonary embolism indicated
that our current prophylaxis regimen could be improved.

Keywords
deep vein thrombosis; pulmonary embolism; thromboelastograph

Address reprint requests to Myung S. Park, MD, Division of Trauma, Critical Care and General Surgery, Mayo Clinic, 200 First Street
SW, Rochester, MN 55905. park.myung@mayo.edu.
Dr Park is now with the Division of Trauma, Critical Care, and General Surgery, Mayo Clinic, Rochester, Minnesota.

This paper was the subject of an oral presentation at the 21st Eastern Association for the Surgery of Trauma, Amelia Island Plantation,
Florida, 2008.

Conflict of interest: None

NIH Public Access
Author Manuscript
J Trauma. Author manuscript; available in PMC 2012 August 09.

Published in final edited form as:
J Trauma. 2009 August ; 67(2): 266–276. doi:10.1097/TA.0b013e3181ae6f1c.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
01 AUG 2009 

2. REPORT TYPE 
N/A 

3. DATES COVERED 
  -   

4. TITLE AND SUBTITLE 
Thromboelastography as a Better Indicator of Postinjury
Hypercoagulable State Than Prothrombin Time or Activated Partial
Thromboplastin Time 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 
Park M. S., Martini W. Z., Dubick M. A., Salinas J., Butenas S.,
Kheirabadi B. S., Pusateri A. E., Wang J., Vos J. A., Guymon C. H., 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
United States Army Institute of Surgical Research, JBSA Fort Sam
Houston, TX 78234 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release, distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

UU 

18. NUMBER
OF PAGES 

28 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



Introduction
Coagulopathy detected early after injury is indicative of injury severity and is a prognostic
factor for blood transfusions and death (1,2). The ability to form a fibrin clot at the site of
injury is integral to limiting hemorrhage and to subsequent survival. However, the resulting
hemorrhage control comes with a price—it can lead to venothromboembolic (VTE)
complications (3). Therefore, it is important to accurately evaluate an injured patient’s
hemostatic status to assess the need for and efficacy of deep vein thrombosis (DVT)
prophylaxis. Standard coagulation tests include the prothrombin time (PT) and activated
partial thromboplastin time (aPTT) assays; these are general measures of extrinsic and
intrinsic clotting pathway integrity, respectively. However, these tests are performed on
platelet-poor plasma and thus cannot assess the true rate of clot formation, overall clot
strength, or degree of clot dissolution (fibrinolysis) (4).

Thromboelastography (TEG) provides a comprehensive overview of the clotting process,
from initial thrombin generation to formation of fibrin strands to fibrinolysis (2,5). TEG has
been used during the past 2 decades to guide transfusion strategy for patients undergoing
procedures with considerable potential for bleeding such as orthotopic liver transplantation
and cardiopulmonary bypass (6–8). Furthermore, assessment of a patient’s coagulation
status by TEG can reduce the need for transfusions in cardiac surgery (9). In the field of
trauma, Plotkin et al (10) showed that TEG can accurately predict the need for transfusion
during the first 24 hours after a penetrating injury. TEG also can sensitively identify patients
with postinjury hypercoagulability (2,11,12). However, use of TEG to compare the degree
of hypercoagulability and fibrinolysis after different types of trauma has not been described.

The hypercoagulable state resulting from tissue injury has been attributed mainly to
increased tissue factor (TF)–dependent thrombin generation (13–19). Activation of the
contact pathway (TF-independent) can also lead to thrombin generation in vitro (20), but the
physiologic significance of this pathway has not been understood well until recently (21).
Activated coagulation factor XI (FXIa) is considerably higher in patients with acute
coronary syndrome than in those with stable angina pectoris (22–24). Finally, key
anticoagulant factors such as protein C, antithrombin III (AT III), and the tissue factor
pathway inhibitor are important for maintaining hemostatic balance (25–32).

The objective of this study was to determine coagulation changes during the first 7 days in
critically injured, nonbleeding, burned and nonburn trauma patients. We stratified patients
by burn status and compared findings from plasma-clotting assays (PT and aPTT) and a
whole-blood clotting test (TEG). Additionally, we measured FXIa levels and protein C and
AT III percent activities. We hypothesized that all nonbleeding injured patients were in a
hypercoagulable state early after injury and that the pattern of fibrinolysis was similar after
any traumatic injury, with or without burns. We further hypothesized that the resulting
postinjury hypercoagulable state was due to an imbalance in procoagulant and anticoagulant
activity and that these processes would be similar for both injury groups.

Materials and Methods
This study was reviewed and approved by the Institutional Review Board at the Brooke
Army Medical Center.

Study Subjects
Trauma patients admitted to the intensive care unit (ICU) were considered for study
enrollment; patients could be with or without burns or inhalation injury. Patients and their
families were given an information sheet describing the less-than-minimal risk study before
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enrollment. Inclusion criteria were as follows: 1) age 18 years or older; 2) admission
occurred within 24 hours after injury; and 3) an anticipated stay of at least 72 hours at the
US Army Institute of Surgical Research Burn Center or Trauma ICU at the Brooke Army
Medical Center (Fort Sam Houston, Texas). Prisoners, patients admitted to non-ICU wards,
patients receiving anticoagulation therapy with warfarin or antiplatelet agents, and patients
with known underlying coagulopathies were excluded. In addition, 20 healthy volunteers
were recruited; informed consent was obtained, and their laboratory data were used as a
reference.

Blood Sample
Baseline blood specimens were collected from each subject within 24 hours of admission
(day 0). The day-1 sample was drawn 12 to 24 hours after the first blood draw. Subsequent
blood samples were drawn each morning on days 2, 3, 5, and 7 after admission; 20 mL were
drawn each day, and all samples were taken only from an arterial or central venous line
inserted for standard clinical care. If the central line was used for sampling, the first 5 mL of
blood withdrawn was discarded before an additional 20 mL was drawn. Blood sampling
ceased when a patient was transferred out of the ICU. A single blood sample also was
obtained from the 20 healthy volunteers (control subjects).

Sample Processing
Blood was collected and processed by research nurses or trained laboratory technicians at
the US Army Institute of Surgical Research. The blood sample was divided between three
4.5-mL, citrate-containing tubes, one 3.5-mL tube with ethylenediamine tetraacetic acid
(EDTA), and one 3-mL tube (native whole blood) for TEG analysis. The citrate-containing
tubes were centrifuged at 3,000×g for 15 minutes in a small clinical centrifuge. The plasma
was placed in a 4.6-mL cryogenic vial and frozen at −70°C until assayed. All coagulation
analyses were performed in the laboratory section of the US Army Institute of Surgical
Research. The sample mixed with EDTA was used for blood cell counts (Cell-Dyn Sapphire
hematology analyzer; Abbott Diagnostics, Chicago, Illinois).

Plasma-Based Assays
Frozen samples were rapidly thawed in a 37°C water bath for 10 minutes. PT, aPTT,
fibrinogen levels, D-dimer levels, AT III ercent activity (Berichrom kit; Dade Behring,
Deerfield, Illinois), and protein C percent activity (Berichrom kit) were measured (BCS
Coagulation Analyzer; Dade Behring) following the manufacturer protocols. The protein C
assay that we used measured the activated and inactivated form of protein C in plasma
(hence the term “protein C percent activity”). The FXIa assay was performed as described
elsewhere (24) and was considered quantifiable if the amount present was greater than 10
picomole.

Thromboelastography
A computerized coagulation analyzer (model 5000; Haemoscope, Niles, Illinois) was used
for TEG studies. Quality control checks were completed within 8 hours of blood collection
and were performed following manufacturer instructions. TEG analysis was conducted at
the patient’s body temperature and occurred within 4 minutes after the blood sample was
drawn. Whole, native blood (0.35 mL) was added to each sample cup, and the temperature
setting checked for accuracy. Ten µL of tissue factor solution was added to each blood
sample before analysis. Tissue factor solution was prepared daily by diluting reconstituted
recombinant human tissue factor (Dade Behring) 1:1000 with saline. The TEG analyzer was
stopped 60 minutes after reaching maximal clot strength. For patients who were prescribed
heparin for DVT prophylaxis, TEG was performed with heparinase cups (otherwise, assays
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were performed with plain cups). Analysis was conducted in duplicate and mean values
were calculated.

TEG parameters that represent different aspects of hemostasis were measured. R is the time
elapsed until the onset of clotting; this is the point at which all other plasma clotting assays
(eg, PT and aPTT) are stopped. Its value increases with coagulation factor deficiency. The α
angle is the angle between the tangent line (drawn from the split point to the curve) and the
horizontal line of the trace. It is affected primarily by the rate of thrombin generation, which
is vital for the conversion of fibrinogen to fibrin. The greater the α angle, the faster the rate
of clot formation via this interaction. The maximal amplitude (MA) of the trace indicates the
greatest strength of the clot. This end product of maximal platelet-fibrin interaction is the
key product of coagulation that prevents injured tissue from continued hemorrhage. Total
thrombus generation (TTG) is calculated by measuring the area under the thrombus velocity
curve. TTG findings (dynes/cm2) correlate with results from thrombin-antithrombin
complex assays (33). After MA is reached, fibrinolysis ensues. The percent reduction of area
under the TEG tracing from MA to 30 minutes after MA is reached indicates the state of
fibrinolysis (clot lysis after 30 minutes [LY30]). The definition that we used for
hypercoagulable state was previously defined by Kaufmann and colleagues (2) as the
presence of at least 2 of the following: shortened R time, increased α angle, and increased
MA.

Clinical Database
Clinical data were collected from subjects during their ICU stay for up to 30 days or until
the patient was transferred out of the ICU. All laboratory test results and basic patient
characteristics were imported into a clinical database. Data gathered included sex, age,
injury severity score, percent of the total body surface area (%TBSA) burned, presence of
inhalation injury, surgical procedures performed, list of all injuries, total number of days in
the ICU, total number of hospital days, and daily multiple organ dysfunction syndrome score
(34). DVT and pulmonary embolism diagnoses were made on the basis of a duplex scan of
the legs and a computed tomographic scan of the chest if clinically indicated. The DVT
prophylaxis of burned and nonburn trauma patients, per our clinical pathway guidelines, is
enoxaparin (30 mg, administered subcutaneously, twice a day) and mechanical lower
extremity compression.

Statistics
Statistical analysis was performed using SAS, version 8.1 (SAS Institute Inc, Cary, North
Carolina) and SPSS 10.1 (SPSS Inc, Chicago, Illinois). Categorical data were analyzed
using the χ2 or Fisher exact test. A comparison of continuous variables between patients and
controls was performed using the 2-sample t test. Comparisons among the burned, nonburn
trauma, and control groups were performed by 1-way analysis of variance followed by the
Tukey correction for post-hoc comparisons. The Welch analysis of variance followed by the
Dunnett T3 method for post-hoc comparisons was used when appropriate. Control data
(based on findings from a one-time blood draw from 20 healthy volunteers) were compared
with patient data through day 7 after injury. Pearson correlation coefficients were calculated
between continuous variables. P values less than .05 were considered statistically significant
for all comparisons. Data are reported as mean (SEM).

Results
Patient Characteristics

In total, 479 burned and 1,366 nonburn trauma patients presented to the emergency
department from April 1, 2004, through May 31, 2005. Of these, 212 burned and 367
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nonburn trauma patients were admitted to the ICU. Sixty-one patients were enrolled in the
study. Three patients were excluded because of death within 48 hours after injury. Patient
groups consisted of 25 burned patients (8 with inhalation injury) and 33 nonburn trauma
patients (blunt injury, n=20; penetrating injury, n=13). Patient characteristics are shown in
Table 1. All were screened for evidence of hemorrhage at the time of the blood draw, and
none were actively bleeding. Three trauma patients had isolated injuries to the head (blunt,
n=2; penetrating, n=1). Body temperature at time of the blood sampling was 37.4 (0.1)°C
(range, 34.3–40.1°C). One patient had a temperature of 34.3°C at admission but otherwise
was at least 35.0°C at all other times. Fifteen patients died during hospitalization (burned
patients, n=11; nonburn trauma patients, n=4). For these 15 patients, the mean survival after
admission was 38.2 (12.3) days (range, 3–153 days).

Nearly all subjects in our study received DVT prophylaxis within 24 hours after admission,
per our institution’s clinical pathway guidelines. The only exception was a burned patient
who did not receive prophylaxis for the first 3 days after admission. Another burned patient
received DVT prophylaxis within 24 hours of admission but did not receive it on day 5 of
hospitalization. Neither patient had complications of VTE.

PT, aPTT, and TEG Parameters
Coagulation parameters for all patients and healthy controls are shown in Table 2. At
baseline and continuing through day 2, patients had elevated PT compared with controls
(P<.05). Also, aPTT was elevated through day 5 compared with controls (P<.05). However,
TEG measurements indicated that patients were in a hypercoagulable state: the rate of clot
formation (indicated by the α angle) and overall clot strength (indicated by the MA) were
higher in patients than in controls. However, R time (representing the initiation phase of
coagulation) was not significantly different between patients and controls, indicating that the
patients were not deficient in coagulation factors. D-dimer and LY30 values, both reflective
of fibrinolysis, were elevated in the injured group. Compared with controls, total fibrinogen
levels were significantly elevated on all days except admission. Platelet counts for patients
were significantly lower than that of controls for the first 5 days after injury but returned to
baseline by day 7.

Additional comparisons were made between the burned patients, nonburned trauma patients,
and healthy controls. PT and aPTT were elevated in the burned group compared with the
other 2 groups. This effect was more pronounced during days 0 through 2 (Figure 1 A and
B). However, both burned and nonburn trauma patients were in a hypercoagulable state, as
shown by TEG; the α angle, MA, and TTG were elevated for most of the first 7 days after
injury (Figure 1 C–E). This was associated with increased fibrinogen levels in the patient
groups (Figure 1 F). R values were not significantly different among the 3 groups at any
time (P>.05). In nonburn trauma patients, fibrinolysis (as measured by D-dimer and LY30)
was increased significantly compared with controls beginning at day 0. However, increased
fibrinolysis was not apparent in burned patients until days 5 and 7 compared with controls
(Figure 2 A and B).

Patients With Blunt or Penetrating Trauma Injuries
We examined coagulation parameters of nonburn trauma patients and stratified patients by
blunt versus penetrating injury. R time at admission (day 0) was significantly shorter for
patients with blunt injuries, indicating a faster initiation phase of clotting, compared with
patients with penetrating injuries (3.97 [0.23] vs 6.27 [0.96] minutes; P<.05) and compared
with controls (6.00 [0.30] minutes; P<.001). The difference in R time between patients with
penetrating injuries and the control subjects was not significant. The other TEG parameters
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(α angle, MA, TTG, LY30), D-dimers, PT, and aPTT were not significantly different
between the patients with blunt injuries and patients with penetrating injuries (P>.05).

Patients With VTE
Only 2 nonburn trauma patients and 1 burned patient had development of VTE (Table 3).
On the basis of clinical suspicion, these patients were evaluated, and each subsequently
received a diagnosis of pulmonary embolism (the condition was diagnosed on day 9 for 2
subjects and on day 13 for 1).

The PT, aPTT, and TEG parameters from the first 48 hours after admission (days 0 and 1)
were compared with those of the controls. The PT (11.9 [0.3] vs 10.9 [0.2] seconds; P=.06)
and aPTT (33.7 [2.0] vs 28.4 [0.5] seconds; P=.10) were not significantly different from
controls. However, the α angle (56.5 [3.3] vs 43.5 [1.4] degrees; P=.04) and MA (62.9 [1.4]
vs 56.2 [1.0] mm; P=.02) were significantly higher. Comparison of patients with VTE
complications (n=3) and patients without (n=55) showed no significant differences for PT,
aPTT, and TEG parameters.

FXIa, Protein C, and AT III
FXIa was measured for 21 of 58 patients. Of these, 8 (38%) had significantly higher FXIa
(63 pM [17]) compared with controls, who had undetectable FXIa in the plasma (<10 pM;
P<.05). FXIa levels were highest during the first 2 days after injury. The protein C percent
activity (64.0 [2.1]% vs 115.0 [2.1]%; P<.001) and AT III percent activity (55.0 [2.0]% vs
107.0 [1.0]%; P<.001) were significantly lower in all patients compared with controls.
During the first 7 days, burned patients had relatively lower protein C and AT III percent
activities than nonburn trauma patients (Figure 3 A and B). (Reference range for AT III
percent activity was 75%–125%; reference range for protein C percent activity was 70%–
140%.) Patients with average AT III percent activity (greater than 69%) had significantly
lower %TBSA burned than those with AT III percent activity less than 40% (14.8 [2.8] vs
30.1 [2.1] %TBSA; P<.05). Similarly, patients with protein C percent activity greater than
85% had significantly smaller %TBSA burned than those with protein C levels less than
41% (13.3 [1.5] vs 40.0 [3.8] %TBSA; P<.001). The 3 patients with VTE complications also
had significantly lower levels of protein C percent activity than the healthy controls (90.0
[2.0]% vs 115.0 [2.1]%; P<.01) and AT III percent activity (83.6 [8.5] vs 107.0 [1.0]%; P<.
05). Furthermore, protein C and AT III percent activities were associated with multiple
organ dysfunction syndrome scores; generally, the higher the score, the lower these
anticoagulant levels in plasma (Figure 4 A and B).

Discussion
In this study, we evaluated plasma-based clotting assays (PT and aPTT) and whole-blood
TEG analyses of critically injured patients. Only TEG showed that patients were in an
overall hypercoagulable state for the first 7 days after injury. The TEG changes, ie, increase
in α angle and MA, may be due to increased fibrinogen, an acute-phase protein. Lack of
fibrinogen elevation after injury has been associated with poor survival after trauma and
hepatectomy (35,36). Our group recently described 5 severely burned patients and showed
that fibrinogen synthesis is accelerated relative to its breakdown when compared with age-
and sex-matched controls (37). Furthermore, α angle and MA were significantly increased
in those patients. Hence, increased fibrinogen synthesis may be an important factor in the
postinjury hypercoagulable state observed in the current study.

Our 6% rate of VTE, which occurred despite pharmacologic DVT prophylaxis, was
consistent with the rate reported by Geerts et al (38) in their landmark study comparing low-
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dose heparin and low-molecular-weight heparin in patients with major trauma. Our patients
with VTE complications had significantly increased α angles and MA compared with
controls, but TEG could not distinguish between patients with and without VTE
complications. Recently, Cho and colleagues (39) presented work showing that the R time in
patients with DVT development was significantly shorter than patients without DVT (6.1
[0.2] vs 7.6 [0.2] min; P<.001). Their study had mixed population of trauma patients (n=31)
and general surgery patients (n=30) with a screening DVT rate of 28%. We have not
observed any significant R time differences in our patient groups, but this may be because
only 3 patients had development of VTE. We also did not perform screening duplex studies
of our patients; it is unknown whether serial duplex studies of trauma patients are justifiable
with regard to manpower and expense (40). Also, the clinical significance of nonocclusive,
asymptomatic, infrapopliteal DVTs is controversial.

TEG Versus PT and aPTT
The apparent contradiction of PT and aPTT results and TEG results may be attributable to
technical aspects of the 2 assays (41). By the most common methods, PT and aPTT assays
detect changes in the turbidity of plasma as fibrinogen polymerization is initiated by adding
tissue factor or kaolin, respectively. Both assays are performed at 37°C, regardless of the
patient’s actual temperature, and they are further limited because they measure the time lag
before fibrin polymerization starts and disregard interactions between platelets and
fibrinogen or fibrin as clots form (5). Furthermore, PT and aPTT results do not give
information about the overall strength of the clot or the rate of the turnover of the clot
formed.

Kheirabadi and colleagues (42) have shown in a rabbit model that TEG is a better indicator
of dilutional hypothermic coagulopathy than PT. Although PT was the same in the
hypothermic, hemodiluted animals as it was in the controls, the α angle and MA were
significantly reduced. Similarly, in our patients, TEG showed hypercoagulability in the
blood that was not detected by PT or aPTT.

According to Kaufmann et al (2), the hypercoagulable state is defined by the presence of at
least 2 of the following: shortened R time, increased α angle, and increased MA. On the
basis of their study and studies by others (11,12,43), patients evidently enter a
hypercoagulable state in response to tissue injury. In the current study, the R time for burned
and nonburn trauma patients was not significantly longer than that of the controls, indicating
that the coagulation factor activity preceding the initial fibrin platelet interaction was not
deficient. However, subset analysis of the nonburn trauma patients showed that the group
with blunt injuries had significantly shorter R time on the day of admission compared with
the patients with penetrating injuries or the control group. This is consistent with work by
Schreiber et al (12), who studied injured patients (97% of whom had blunt injuries) and
reported that 60% had a shortened R time on day 1 after injury. Why patients with blunt
injuries have a statistically shorter R time (ie, time to form the initial fibrin strands)
compared with patients with penetrating injuries may be attributable to the extent of tissue
damage. For example, the amount of soft-tissue trauma could be greater given a blunt injury
than with a single stab wound; the greater volume of soft-tissue trauma may lead to greater
augmentation of the proinflammatory and hypercoagulable response.

TEG and VTE
Our results showed that PT and aPTT were not accurate indicators of a postinjury
hypercoagulable state. This is consistent with studies of patients undergoing general and
orthopedic surgery, which showed that PT and aPTT are not reliable predictors of a
clinically significant hypercoagulable state such as DVT. Milic et al (44) reported that PT
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and aPTT were similar in patients with and without DVT after cholecystectomy. In a study
of 100 patients who were not receiving pharmacologic DVT prophylaxis before hallux
valgus surgery, no differences in PT and aPTT were observed when comparing patients with
and without postoperative DVT (P values were .14 and .29, respectively) (45).

Per our established clinical pathway guidelines, all but 2 patients in our study consistently
received routine pharmacologic DVT prophylaxis and mechanical lower extremity
compression. Despite routine use of pharmacologic DVT prophylaxis, TEG showed that
patients were in a hypercoagulable state, and we observed a VTE rate of 6%. This rate is
clinically significant, considering that almost all patients routinely and consistently received
DVT prophylaxis. We note that DVT screening is not regularly performed at our institution,
and subclinical VTEs may have been undiagnosed.

Hence, the question remains whether DVT prophylaxis should be tailored to the patient’s
coagulation profile. Previous clinical studies using TEG showed that patients with cancer
and postsurgical patients are in a hypercoagulable state compared with healthy controls and
presurgical patients, respectively (46,47). Caprini et al (48) devised a TEG index (a formula
to assess overall coagulation status that considers 8 TEG parameters), which was generated
through multiple regression analysis of 90 patients with cancer and 90 healthy volunteers;
the index had a sensitivity of 98% and a specificity of 100%. The model was validated with
31 patients with cancer and 51 volunteers and showed almost identical sensitivity and
specificity. The authors of the report advocated adjustment of the subcutaneous heparin
dosage in high-risk surgical patients and targeting the TEG index to a normal range (−2 to
+2) (49). Prospective studies are challenging to do but are needed to show whether TEG-
based titration of heparin prophylaxis reduces clinically significant VTE when compared
with a control cohort matched for age, sex, and injury severity.

TEG and Fibrinolysis
Even though both patient groups in our study were in a hypercoagulable state early after
injury, the nonburn trauma patients had accelerated fibrinolysis compared with controls,
whereas burned patients did not have evidence of increased fibrinolysis until postinjury day
5. This is consistent with previously published studies of burned patients, which reported
elevated fibrinolysis that peaked at 5 days to 2 weeks after injury (50,51).

TEG is more sensitive than routine, plasma-based tests (eg, D-dimer) for detecting a state of
fibrinolysis. In a canine model with controlled levels of streptokinase, TEG could detect clot
dissolution before changes were noted in plasma fibrinogen or plasminogen levels (52). The
activated clotting time, PT, and aPTT do not provide information about fibrinolysis (they
measure aspects of coagulation only up to the formation of the fibrin clot) (16).
Furthermore, TEG fibrinolysis measurements do not necessarily correlate with D-dimer
levels because fibrinogen can degrade into various split products other than D-dimers
(53,54).

Hemostatic Balance
Blood coagulation is an essential physiologic process involving a delicate and dynamic
balance between coagulation and anticoagulation. If either of these processes is defective,
the balance is disturbed and hemorrhagic or thrombotic disorders can result. FXIa, a contact
pathway coagulation factor, is generally thought to be activated by FXIIa. However,
thrombin is a potent feedback activator of FXI. In other words, FXI can be activated
independently of FXIIa (55–57). Hence, the TF-independent pathway may have a critical
role in augmenting thrombin generation, with thrombin as its main stimulus. In the current
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study, only a small subset of patients (21/58) had plasma analyzed for FXIa. However, 38%
of these patients had detectable FXIa (none was detected in the control group).

AT III is a serine protease inhibitor that is important in quenching the coagulation response,
and its action is potentiated by heparinoids. Activated protein C is another key anticoagulant
that is generated by the thrombomodulin-thrombin complex. Considerable AT III and
protein C deficiency can occur after trauma (43). Furthermore, trauma patients with
development of DVT have markedly lower AT III levels during the first week after injury
compared with patients who do not have DVT (58). In the current study, AT III and protein
C percent activities were significantly lower in all patients compared with controls. In
particular, the burned patients had consistently lower AT III and protein C percent activities
throughout the first 7 days after injury, and those with larger burns had lower values than
those with smaller burns. The reasons for this may be 2-fold. First, lactated Ringer solution
is administered for resuscitation, with the administered amount determined by the patient’s
weight and %TBSA burned (59–61). Second, increased burn size means more injured tissue
is leading to a hyperinflammatory state, which instigates the hypercoagulable state by
consuming anticoagulant factors. Because we did not assess the metabolism of AT III and
protein C in the current study, it remains to be shown whether a decrease in these
anticoagulants after injury is attributable to their increased consumption or hemodilution, or
if production of AT III and protein C in the liver decreases.

Limitations
This study had several limitations. First, coagulation profiles were not determined
immediately after patients presented to the emergency department. The baseline blood
samples were drawn after patients were transferred to the ICU (after initial evaluation in the
emergency department or operating room). Second, we did not stratify patients on the basis
of the amount or type of resuscitation fluids administered before the first blood sample was
drawn. Although no patients were actively bleeding at the time of first blood draw, 15 of the
58 patients received blood products during the first 24 hours after admission. Third, only
patients admitted to the ICU with an anticipated stay of at least 3 days were enrolled in the
study, which may have introduced selection bias (only relatively sicker patients were
enrolled), and we may have excluded others admitted into the ICU who were not in a
hypercoagulable state.

Conclusion
In summary, the results of this study suggest that TEG is more sensitive than plasma-based
clotting assays (PT or aPTT) for the detection of a hypercoagulable state in nonbleeding,
burned or nonburn trauma patients. This hypercoagulable state may be partly due to a
relative decrease in anticoagulant activity, as evidenced by decreased AT III and protein C
percent activities and increased fibrinogen levels. Despite routine use of DVT prophylaxis,
both groups of patients were in a hypercoagulable state early after injury, and the
symptomatic VTE rate was 6%. The preliminary data presented in this report suggest that
TEG can be an additional method of assessing the effectiveness of pharmacologic DVT
prophylaxis in a patient population that is at high risk for VTE complications. Additional
studies should include a larger number of patients to show whether TEG can identify the
subset of patients at risk of clinically significant VTE even with pharmacologic prophylaxis.
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%TBSA percent of the total body surface area

aPTT activated partial thromboplastin time

AT III antithrombin III

DVT deep vein thrombosis

EDTA ethylenediamine tetraacetic acid

FXIa activated coagulation factor XI

ICU intensive care unit

LY30 clot lysis after 30 minutes

MA maximal amplitude

PT prothrombin time

TEG thromboelastogram, thromboelastography

TF tissue factor

TTG total thrombus generation

VTE venothromboembolic
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Figure 1.
Coagulation Parameters in Burned Patients, Nonburn Trauma Patients, and Control Subjects.
The dashed line denotes burned patients; the thick line, nonburn trauma patients; the thin
line, control patients. Error bars indicate SEM. Symbols on the graph indicate statistically
significant differences (§ denotes burned vs control; *, trauma vs control; +, burn vs
trauma). A, Prothrombin time. B, Activated partial thromboplastin time. C, α angle. D,
Maximal amplitude. E, Total thrombus generation. F, Fibrinogen.
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Figure 2.
Fibrinolysis in Burned Patients, Nonburn Trauma Patients, and Control Subjects. Lines and
symbols are same as described in the legend for Figure 1. A, D-dimer. B, Clot lysis at 30
minutes (LY30).
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Figure 3.
Protein C and Antithrombin III Percent Activities in Burned Patients, Nonburn Trauma
Patients, and Control Subjects. Lines and symbols are same as described in the legend for
Figure 1.
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Figure 4.
Protein C and Antithrombin III Percent Activities as Indirect Markers of Illness Severity.
Both show an indirect association with the multiple organ dysfunction score (MODS).
Identical symbols over each group indicate a significant difference between the 2 groups. A,
Protein C percent activity, stratified by quartile. B, Antithrombin III percent activity,
stratified by quartile. Essentially, the higher the MODS, the lower the protein C and
antithrombin III percent activities.
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Table 3

Patients With Clinically Significant Venothromboembolic Complicationsa

Injury Age, y DVT
Postinjury

Day Clinical Indications

Burned 45 No 9 Hypoxia and peripheral edema

Nonburn trauma 27 Yes 13 Acute desaturation

Nonburn trauma 53 Yes 9 Acute desaturation and lung consolidation

Abbreviation: DVT, deep venous thrombosis.

a
All patients were men. All had pulmonary embolism.
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